INTRODUCTION
A common occurrence in industry is undesirable levels of vibration in machine structures which result in diminished functionality, safety, reliability and overall service life. Since the dynamic properties of a machine structure, to a certain degree, effect the amount of vibration in each individual part of the system, it is necessary to extensively dedicate time to the analysis of the structure already in the design stage (perform synthesis of its dynamic properties together with the optimization of the important parameters). When designing a structure, it is necessary to choose an effective concept that results in a system which vibrates within acceptable levels. Modal synthesis is one possible method to modify the dynamic properties of an existing structure. This method synthesis the modal properties of the real structure through measurements and calculations of modal properties of additional components. This method if particularly effective if a computational model of an existing structure is not available with measurements, optimizing parameters of the added components requires less computational demands while providing more accurate results. This procedure can be applied to a wide variety of components which are typically used in industrial applications. For a better understanding, the methodology is demonstrated on a beam that is to be modified by adding an aluminum foam element. The aluminum element was used because its addition to the beam changes the inertial, stiffness and damping properties of the resulting system.
MODELING LAMINATED STRUCTURES
When structures vibrate excessively, vibro-isolating elements are typically implemented in order to reduce unwanted vibrations. The development of new materials now provides not only good damping characteristics, but contributes to other factors as well. These materials tend to be difficult to produce and thus more expensive, however the economical benefits of using them outweigh their initial cost [1] .
while the displacement and rotation of the nodal points of the element are represented by the vector:
Parameter m E is the mass, E is the equivalent modulus of elasticity, J is the equivalent second moment of area and l is the length laminated element (Figure 1 ). Equivalent modulus of elasticity is the modulus of elasticity for the main beam E = E 1 . Equivalent moment of inertia for the crosssection area is the moment of inertia transform of the cross-section area in the neutral axes ( Figure  1 ). Factor n = E 2 /E 1 < 1 reduces the cross-sectional area of the additive layer [2] . The elemental damping matrix is expressed in terms of its proportional shape B E = βK E , where β = η / ω and η represent the loss factor and ω is the angular frequency excitation. It is obtained experimentally and is supplied by the manufacturer. Table 1 shows the material properties of aluminum foam used for the calculation of the element's matrix. Elastic modulus E GPa 5 9 14
Loss factor η -0,003 0,004 0,004
Overall FEA model of the beam is formed by combining elements at corresponding nodal points ( Figure 2 ). The mathematical model has the form:
where mass matrix M, stiffness matrix K and damping B have a waist character and overlapping between rows and columns of the element matrix in which the element displacements and rotations are common, thus representing a common node. In the element matrix and the first two lines attached to the displacement and rotation in the j node and the remaining displacement and rotation in the k node. The same applies for columns in the element matrix.
DESIGN ADDITIONAL STRUCTURAL ELEMENTS UTILIZING THE MODAL SYNTHESIS METOD
It is often necessary to change the dynamic properties of existing mechanical structures. Where known, the modal properties can be used in the modal synthesis method to achieve the desired modal and spectral properties. In this case, the original system modal properties of the virtual connection, for example, based on an FEM model of the additional substructure designed such that the required modal properties of the resulting realignment system vary. The additional substructure must be expressed in the same coordinates as the original, where any of the above methods of reduction may be used, ensuring the initial connection of the added system [3] .
In cases where the original system with proportional damping is measured for its modalspectral properties V 0P , Ω 0P , Δ 0P , the additional substructure represents a reduced (in common coordinates) FEM model with factor matrices M A , K A , B A , where the damping matrix B A is also proportional to the resulting system and provides the modal -spectral properties V 0L , Ω 0L , Δ 0L . An additional component is typically located at a certain known place and not uniformly over the entire original system, resulting in non-proportional damping.
MODAL ANALYSIS OF NON-PROPORTIONAL DAMPED SYSTEM
Modal and spectral properties of the original proportionally damped system V 0P , Ω 0P , Δ 0P are determined experimentally. The additional proportionally damped system is represented by the FEM model with factor matrices M A , K A , B A . An FEM model of the added structure is reduced to the measured coordinates and creates elements of the matrices corresponding to the measured coordinates. The elements of these matrices correspond to the coordinates where the system is not added because it is localized only in a selected part. Thus the experimentally and analytically obtained matrices have the same size.
The properties of the modified system represents a modal V L and spectral matrix S L , for which the following applies:
From orthonormality conditions resulting from the modal analysis of a modified system of area 2n (3) its follows:
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These relations represent the conditions of orthonormality for the transformed system with spectral matrix S L as the modal matrix:
with factor matrices:
Since the elements of factor matrix P T and N T are known, the unknown spectral and modal matrix S L = diag(s Lj ) and W T can be determined by solving the problem of eigen values in the form:
which directly obtains the modal matrix of the modified system S L . To determine the modal matrix of the modified system V L the transformational relationship can then be used
Designing the dynamic properties of the system in such a way can be used to automate and optimize the vibration parameters of the isolating layer. Figure 3 represents the case were the optimum position a and thickness h of the vibro-insulating layer, for a maximum damping ratio ξ and second eigen mode, are determined. This dependence is seen by increasing the thickness of layers, which results in continuously increasing value of the damping ratio. The complex characters of their values are a result of the dependence of the damping ratios on the position of the layer, which in turn is connected directly with the eigen mode of vibrations in that system. It is clear that by selecting the proper position and thickness of the vibration isolating layer, a targeted dampening of some desired character may be obtained. Modal synthesis eliminates the need for the lengthy calculations necessary to determine the effectiveness of the selected parameters in the vibration isolating layer and their effects on the dynamic properties of the modified system.
Figure 3: Scheme optimization position (a) and thickness (h) of vibro-isolating layers

VERIFICATION OF THE MATHEMATICAL MODEL
To verify the mathematical model, a modal analysis experiment was performed on a steel plate with a section of aluminum foam glued to its top layer. 11 600 steel with a thickness of 1 mm, width 50 mm and length of constraint at 400 mm, was used. The aluminum foam had a thickness of 7.5 mm, a width of 50 mm and a length of 80 mm. A B&K PULSE 3560-B frequency analyzer, a uni-axial Delta-Tron accelerometer B&K 4514-001 and a PCB 086C03 impact hammer were used for measuring. Figure 5a schematically shows the position and direction of the accelerometer and the impact hammer excitation position, indicated by a numeral and a dot. The sensor in each case was attached with bee wax. The measured results and numerically calculated natural frequencies are given in Table 2 .
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CONCLUSION
The presented article represents a methodology which can obtain a targeted change in the dynamic properties of additional components on an existing mechanical structure. This methodology is based on modal synthesis, and is particularly effective in cases where it is not possible to obtain the FEA model of the structure, but where measured modal properties of the system are available. The article also investigated an additional component which can be modeled by FEM. The methodology is applied to the case of composite structures with added aluminum foam elements and the case is illustrated on a beam structure.
